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© Two component coating curable at ambient temperature via a Diels-Alder reaction. 



© A two component composition curable at ambient temperature via a Diels-Alder reaction is provided. The 
two components of the coating system can be water-based, they can be solvent-based, or a combination thereof. 

5 The first component of the coating composition comprises a binder polymer functionalized with at least two 
conjugated diene groups. Although numerous binder polymers are contemplated, due to their excellent film- 

® forming properties, examples of preferred binder polymers are those built up from reactants selected from the 

mflthflrrviatA an aHuet of snrbic acid to a Dolvfunctional alvdicvl methacryiate 
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COMPONENT COATING CURABLE AT AMBIENT TEMPERATURE VIA A DIELS-ALDER REACTION 



BACKGROUND OF THE INVENTION 
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1. Field of the Invention 



The present invention relates to a two component coating system wh.ch can be cured at ambient 
temperature via a Diels-Alder reaction. The two components of the coating system can be water based 
S cTn be solvent based, or a combination thereof, depending on the application. The first component 
comprises a binder polymer functionalized with at least two conjugated d.ene groups. The second 
component comprises a polyfunctional maleimide curing agent. 



is 2. Background of the Invention 

Coating compositions comprising bis-diene oligomers and bis-dieneophile oligomers which are cured at 
elevated temperatures (ranging from 130* C to 190 C) are known to prov.de excellent resistance to 
Zo*on XZXSZi solvents. Such coating composes are described in EP 0 114 091 The b.s-diene 

20 Sgomer and bisSieneophile oligomer are said to chain-extend by reaction w,th each other. throu?h Diels- 
IX ^addition chemistry, to form polymers bearing hydroxy functional.* or other cross .Unking func- 
M^TcSuitaO agent substantial reactive with the crosslinking functionality at elevated cure 
Jempe^e « Tan organic solvent are aiso present in the coating composition. The Die.s-A.der react ons 
^described in. e.g.. P. Wasserman. Diels-Alder Reactions". Elsevier Publishmg Co.. New York. 1965. The 

2S coating compositions of EP 0 114 091 are not suitable for ambient temperature curing, however 

U S Patent 4.156.761 describes the room temperature cure of an elastomer, wherem a b,s(l.3- 

pentadienyl ether)derivative of hydroxy terminated polybutadiene is cured using a bismale.rn.de of d.mer 

diamine The product is typically used as a binder for explosives, propellants and the like. 

diamine. P ^ ^ ^ for cross , jnking and extending conjuga ted diene- 

30 containing polymers. The process uses a Diels-Alder reaction to increase the molecular weight and/or 
' aosSink dienophiles. The rhymer comprises a plurality of conjugated 1.3-diene systems incorporated into 
Se molecular structure and at least 1% by weight (based on the weight of the polymer) cons.sts of a b*- 
unsZlZ dienophile which is reactive with the conjugated 1.3-dienes of the polymer. The process .s used 
to expand s molecular weight of thermoplastic polymers, and the processing temperature range is from 

35 "^^S^ known to cure at ambient temperature often contain toxic substances, such as 
isocyanates, which restrict their use. The object of the present invention .s to provde coating compos.t ons 
whTch can be cured at ambient temperature, which exhibits low toxicity, and wh.ch P rov.des excellent 
resistance to humidity, solvents and other corrosive substances. 

40 

SUMMARY OF THE INVENTION 
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in accordance with the present invention, a two component coating composition curable at amb.ent 
temperature via a Diels-Alder reaction is provided. The two components of the coating system can be water 
based, they can be solvent based, or a combination thereof, depending on the appl.cat.on. 

The first component of the coating composition comprises a binder polymer funct.onal.zed w.th at least 
two conjugated diene groups. The second component comprises a polyfunctional mate.rn.de cunng agent 
The coating composition is typically cured over a temperature range from about 0 C to about 30 C. 
ODtionally a curing temperature of above 30* C can be used to reduce cunng time. 

P Sed embodiments of the first component of the coating composition include binder polymers bu.lt 
up from furfuryl methacrylate and at least one other monoethylenically unsaturated compound. Also 
included are binder polymers built up from adducts of sorbic acid to a copoiymer of glycdyl 
and at least one other monoethylenically unsaturated compound. Copolymers of this kind are preferred due 
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to the excellent film-forming properties they provide. 

Examples of suitable monoethylenicaily unsaturated compounds include acrylic acid; methacrylic acid; 
methacrytonitrile; methacrylic acid amide; ailylmethacrylate; (meth)acrylic esters of monoalcohols having 1- 
24 carbon atoms, such as methyl acrylate, methyl methacrylate, ethyl acrylate, n-propyl acrylate, n-butyl 

5 acrylate. isobutyl acrylate. 2-ethylhexyl acrylate. n-octyl acrylate. isobomyl acrylate, laury! acrylate. and 
stearyl acrylate; vinyl esters of aikane carboxylic acids, such as vinyl acetate and vinyl propionate; diaikyl 
maleates, such as dimethyl maleate and diethyl maleate; monovinyl aromatic compounds, such as styrene. 
vinyl toluene, and a-methyl styrene; and tert. amino group-containing monoethylenicaily unsaturated 
compounds, such as N.N'dimethylaminoethylmethacrylate and N.N diethyiaminoethylmethacrylate. 

70 A person of average skill in the art will be capable of preparing other suitable compositions according to 
the invention, such as those wherein the binder polymer is built up from at least one polyfunctions (meth)- 
acrylate-containing monomer, such as, for example, polyfunctional (meth)acry fates of glycol butane diol 
hexane diol, etc., including hexane diol diacrylate, hexane diol dimethacrylate, ethylene glycol diacrylate, 
ethylene glycol dimethacrylate, butane diol dimethacrylate. ethoxylated bisphenol A diacrylate, trimethylol 

is propane triacrylate and trimethylol propane triethoxy triacrylate. 

Other suitable examples of binder polymers inciude alkyd resins containing conjugated diene groups as 
side groups. U.S. Patent 4,070,259 also provides examples of suitable conjugated diene groups containing 
fatty acids or their esters or their mono-, di-, and triglycerides which may be built into the alkyd r sin. The 
subject matter of U.S. Patent 4.070.259 is hereby incorporated by reference herein. The conjugated diene 

20 groups also may be prepared from suitable non-conjugated diene groups-containing fatty acids or their 
esters or their mono-, di-. and triglycerides in an esterification reaction at elevated temperatures (£ 200 C) 
when preparing alkyd resin. Gastor oil, for instance, at temperatures > 210* C gives 9.11 and 9.12 
octadepadienoic acid (9,11 conjugated diene). 

Still other examples of suitable conjugated diene groups-containing binders are reaction products of 

25 polyisocyanate compounds and furfuryl alcohol or furfuryl amine and adducts of sorbic acid to epoxy resins. 
One skilled in the art will be aware of diene-containing compounds which can be emulsion polymerized 
to provide aqueous dispersions of the type which can be used in the two component water-based coating 
compositions of the present invention. Preferred embodiments of such diene-containing compounds inciude 
furfuryl methacrylate and/or adducts of sorbic acid to a copolymer of glycidyl methacrylate reacted with 

30 monoethylenicaily unsaturated compounds such as acrylic acid, methacrylic acid, (meth)acrylic esters of 
monoalcohols having 1-24 carbon atoms (such as those previously named), vinyl esters of aikane carboxylic 
acids, diaikyl maleates, and monovinyl aromatic compounds. 

One skilled in the art can prepare other water-based coating composition binder polymers such as 
those built up from at least one polyfunctional (meth)acrylate-containing monomer, for example, hexane diol 

35 diacrylate. ethylene glycol diacrylate. butane diol dimethacrylate, and Wmethyloi propane triacrylate. 

Additional examples of suitable diene compounds which can be dispersion or emulsion polymerized to 
provide aqueous dispersions useful in the present invention include other monoethylenicaily unsaturated 
conjugated diene groups-containing compounds, for example, adducts of conjugated diene groups contain- 
ing fatty acids to glycidyl (meth)acrylate. Sill, other examples of suitable diene compounds include adducts 

40 of an unsaturated monoisocyanate, (for example misopropenyl a.o-dimethyibenzylisocyanate (m-TMl mon- 
omer available from American Cyanamide Co.). with furfuryl amine or furfuryl alcohol followed by poly- 
merization is possible. 

Other suitable examples of binder polymers to provide aqueous emulsions or solutions include alkyd 

resins containing conjugated diene groups as side groups. Suitable diene groups containing fatty acids are 
45 mentioned in U.S. Patent No. 4.070,259. 

The second component of the coating composition comprises a polyfunctional maleimide. When the 

coating composition is solvent based, preferred embodiments of the polyfunctional maleimide include those 

which are readily soluble in conventional solvents (such as aromatics esters and ketones). These preferred 

polyfunctional maieimides include, for example, 
so N.N'bis(4 maleimidophenyl)sulfone, 

1 ,4-{N.n' bis(4 maleimidophenoxy)]benzene, 

N,N'bis(4 maleimido(4 phenoxyphenyl))sulfone, 

2,2-[N,N'bis (4 maleimido(4 phenoxyphenyl))]propane, 

N,N'bis(maleimido)isophorone. 
55 N,N'bis(1 ,1 2 maleimido)dodecane. 

N.N'bis(1.12 maleimido)-4,9 diondodecane, 

N.N',N ff tris(maleimido)polyoxypropylene (trismaleimide prepared from Jeffamine T403 which is available 
from Texaco Chemical Company), and N.N'bis(maieimido)polyoxypropylene (polyoxyprbpylene bis mal- 
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BRIEF DESCRIPTION OF THE DRAWINGS 

< m » m hnHimpnts of the kinds of polyfunctions maleimide curing agents which 
FIGS. 1-9 show preferred embod.men s of the Kinos o * , y tional ma , ejmid es shown in 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

0 

The present invent » -ponen, -^J^t?<^32^^5^"^ 

in an appropnate solvent system ana a s compatible with the first component). 

• maleimide. also soivated in an its solution viscosity, flow and leveling 

The performance of the £S£ « the molecular structure of the reactant 

characteristics as well as its cured dry film P r °P^ es wel| ^ ^ molecular structure of the 

groups used to build up the ^^^^Z^ ^L^cb properties, binder polymers 
polyfunction^ maleimide curing ^^^^J^ZtSS^ unsaturated compound; or. built 

30 bumupfromfurfurylmetha^ an£j at least one othe r mon- 

o^cVv^^^^ 
35 previously discussed. 

EXAMPLES 
40 Preparation tfsdy^^ 



Example 1 
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Preparation of Diene-functional Binder F^lymer A 

Pou, ^ grams o, propytene glycol ^^-^"o?^™^ S 
boiling temperature. Subsequent, a ™ M ' e ^£ ^J^^ ™L, pedod. *h»e a second 
styrene. and 240 g of lurturyl ™t^» «» '^wroxy 2 ethyl hexanoate »as added 

mixture ot 86 g ot propylene glycol methyl -wand 48 g Next. 40 g of propylene 

»5 r=! - ~ — - * — - 

r 9 Lo"2 offs" g ?£S2S gTcol SS"— a 48.5 % Py weigh, solution ol the dtene-tuncSona. 
ZSl wTan ^"number „ 2..0 and a viscosity C IS. cPa.s. 
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Example 2 



Preparation of Diene-functional Binder Polymer B 

5 Four hundred grams of propylene glycol methyl ether was introduced into a reactor and tat* to 
boiling temperature. Next, a first mixture of 48 g of acrylic acid, 253.6 g of butyl acrylate 306,5 g of 
stvrene and 240.0 g of furfuryl methacrylate. was added to the reactor over a 3 hour penod. while a second 
mixture of 96.0 g of propylene glycol methyl ether and 56.0 g of tort, butylperoxy 2 ethyl hexanoate was 

to added to the reactor separately but over a concurrent period of 3 hours and 10 minutes. 

• Subsequently. 40.0 g of propylene glycol methyl ether was added. The reaction m.xture was kept at 
boiling temperature until a conversion of over 98% by weight of the reactants was obtained. After the 
reaction product was diluted with 350.0 g of propylene glycol methyl ether, a 47.7 % by weight solution of 
the diene-functional compound B was obtained with an acid number of 19.9 for the solution and a v.scosity 

75 of 84 cPa.s. 

Example 3 
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Preparation of Diene-functional Binder Polymer C 

One hundred grams of butyl acetate. 100.0 g of xylene, 621.0 g of an adduct of 3 molecules i of 
hexamethylene diisocyanate to one molecule of water (available under the trade rnark oi f Dj^odurN 1 00 of 
Bayer AG), and 1.4 g of dibutyl tin dilaurate were introduced into a reactor and heated to 70 C. Next. 294.3 
a of furfuryl alcohol was introduced over a period of about 1 hour. „„» 0 „^ 
The reaction mixture was kept at 70* C until an NCO content of less than 0.3 % by weight of the reactants 

WaS Af?efme'reaction product was diluted with 60.0 g of xylene and 60.0 g of butyl acetate a 69.8 % by 
weight solutioJ i oHhe dtene-functiona. compound C was obtained with an acid number of 1.6 for the so.ut.on 
and a viscosity of 336 cPa.s. 

Example 4 



Preparation of Diene-functional Binder Polymer D 

In the same manner as described for resin B.a copolymer was obtained consisting of 32% by weight of 
40 furfuryl methacrylate and 68% by weight of ethyi methacrylate. 

Se number average molecular weight was about 3400. The solids content of the copolymer solut.cn .n 
propylene glycol methyl ether was 50%. The viscosity was 48 cPa.s. 



45 Example 5 
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Preparation of Diene-functional Binder Polymer E 

Three hundred and fifty grams of xylene was introduced into a reactor ^ heated to ^Ung 
temperature. Subsequently, a mixture composed of 210.0 g of glycdyl methacrylate 364 7 g o styrene. 
125 3 g of butyl acrylate. and 17.5 g of tert butyl perbenzoate was added over a penod of about 3 hours. 

^Zlll^TJ::^ at boiling temperature until a conversion of over 98 % by weight of the 
reactants was obtained. To the previously prepared copolymers were added 149.4 g of sorbic acid U 1.2 g o. 

monoethy. ether.'and 375.0 mg of chromium (III) 2 ethyl "^^^7^"^^ 
heated to 110* C. with air being passed through. The mixture was kept at 110 C until an acid number o, 
2.0 was obtained for the solution. 
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After 250 g of xylene had been added, a 57,7 % by weight solution of the diene-functional compound E was 
obtained with an acid number of 1 .7 for the solution and a viscosity of 570 cPa.s. 

Preparation of solvent-based polyfunctional maleimides 

All polyfunctions primary amines may in principle be converted into polyfunctional maleimides. For 
example German Patent Specification DOS 2 127 026. which is hereby incorporated by re erence prov,des 
rrocedS for preparing such a maleimide. Most polyfunction^ maleimides are poorly soluble m the 
conventional, low toxicity solvents for coating compositions. . . , • 

Tsolvert-based coating compositions according to the invention, it is an advantage to use male.m.des 
that are reTdily soluble in the conventional solvents (aromatics. esters, and ketones) for binders. Less 
Teadify soTuSe polyfunctional maleimides take an undu.y long time to be mixed w,th the b.nder solution and 
may lead to hazy coatings having inadequate film properties. rtKtaineH 
By selecting the appropriate potyamines as a basis for the male.rn.de. cunng agents can be obta ned 
that ai reSy soluble in aromatics. esters, ketones, and the like. Examples of su.table polyam.nes .nc.ude 
Zamines with aromatic ether groups, po.yamines with branched cycloaliphatic groups poryether am,nes. 
^HductsTamines to compounds with an epoxy group. A number of suitable male.m.des are shown as 
Tre^eTerX^nts in FIGS. 1-9. Any average person versed in the art will be capable of se.ect.ng 
other similar polyfunctional maleimides soluble in the conventional solvents. 



o :;:::=::!:!: ^ ^tina* prepared from the above-described dienefunctional binder polymers and pohrfunc- 
tional maleimide curing agents 

Generally the coating composition contains sufficient binder and curing agent as to give a ratio of the 
numb^ equ valents oMhe conjugated diene groups of the binder polymer to the number of equ.vaents 
oUhe maleimide groups of the curing agent in the range of 0,3 to 2,0. preferably m the range of 0.5 to 1 .5. 

^JcSno composition contains at least one organic solvent, examples of which 
aromatic hydrocarbons, esters, ether, alcohols, ketones, diketo compounds such as acetyl keton . and 
n tmatkanes such as nitropropane. and (cyclo)aliphatic or aromatic esters of acetylacet.c ac.d of which the 
SclolaTM group or the aromatic group has 1-20 carbon atoms, such as ethyl acetoacetate. cyclohexyl 
acetoacetate, and phenyl acetoacetate. 

Tn addition, the coating composition typically contains the conventional additives such as pigment^ 
filler" "veiling agents, emulsifiers. anti-foaming agents, and rheology control agents. antioxidants UV 
Si^rs sag control agents, and catalysts such as organic carboxylic acids. Optionally, the composition 
*Tco^2-iunJn* polymer, such as an acrylate (co)polymer. cellulose aceto P rop.onate. cellulose 
flrptnbutvrate nitrocellulose, or a vinyl polymer. ' 

^rig imposition can be applied to the substrate in any suitable manner such as by ro Her 
coating spraying, brushing, sprinkling, flow coating, or dipping. Preferably, the composition .s apphed by 

SPra Suiteb.e substrates include those of metals that may be pretreated or not. wood, synthetic materials 
paper, or .eather. Examples of suitable metals are iron, steel, and aluminium. Curing of the coatmg apphed 
can be carried out in a satisfactory manner over a temperature range of from about 0 C to about 30 C. 
Optional?; Ta curing temperature of above 30*0 can be used, to reduce curing time; the composition can 
be baked for instance, at a temperature in the range of about 60 to about 120 c - 

in me following examples solvent-base coating compositions according to the .nvenfon and the 
ororjerties of the coatings obtained therewith are further desenbed. 

P P Sng composition viscosity was determined at 20* C with a Rheomat 15 rotation viscometer. The po 
life of a coating composition, given in hours, was determined at 20 C by mixing equivalent amounts of 
esin and cross-linking agent determining the increase in viscosity in conformity w.th the D.N cup jnethed. 
The pot life is the time it takes for the viscosity to increase by 100%. The initial viscosity was 15 sec DIN 
cup I The resistance of the coating to premium grade petrol or methyl ethyl ketone was determined after 7 
days' drying at ambient temperature by placing on a coated panel a wad of cotton wool soaked with the 
ss solvent 7n question for 1 minute (methyl ethyl ketone) or 5 minutes (premium grade petrol) followed by 
scratching a pencil of a 2B hardness. The resistance was rated on a 1-5 scale, where "1 1 - .s poor and 
"PexceSent The hardness of a coating was determined by the Persoz test after drying for 1 day or 7 days 
at20*C. 



so 
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Example 6 

The Diene-functional Binder Polymer Component A was mixed with the polyfunction^ malemid curing 
agent shown in FIG. 8 to give a ratio of the number of equivalent of the conjugated diene groups of the 
binder polymer to the number of equivalents of maleimide groups of about 1 . 

The mixed coating composition was applied to a glass panel by spraying and was cured at a 
temperature of about 20* C over a time period of one week. The dry film thickness was about 60 
-micrometers. The cured coated panel was permitted to stand at room temperature for one day and for 
seven prior to hardness testing by the Persoz test and for seven days prior to solvent resistance testing. 

The pot life of the resulting coating composition and the hardness (Persoz sec.) and solvent resistance 
of the cured coating are presented in Table 1. 
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Example 7 

The Diene-functional Binder Polymer Component B was mixed with the polyfunctions maleimide curing 
agent shown in FIG. 8 to give a ratio of the number of equivalents of the conjugated diene groups of the 
binder polymer to the number of equivalents of maleimide groups of at>out 1 . 

The mixed coating composition was applied, cured to a dry thickness of about 60 micrometers, and 
20 tested as described in Example 6. 

The pot life of the coating composition and the hardness and solvent resistance of the cured coating are 

presented in Table 1 . 
25 Example 8 

The Diene-functional Binder Polymer Component C was mixed with the polyfunction^ maleimide curing 
agent shown in Rg. 8 to give an equivalents ratio -of conjugated diene groups to maleimide groups of about 

1 * The mixed coating composition was applied, cured to a dry thickness of about 60 micrometers, and 
tested as described in Example 6. . 

The pot life of the coating composition and the hardness and solvent resistance of the cured coating are 

presented in Table 1 . 
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Examples 9-1 1 



The Diene-functional Binder Polymer Component D was mixed with the polyfunctionai maleimide curing 
agent shown in FIG. 7 to produce the coating composition of Example 9; was mixed with the polyfunction^ 
maleimide shown in FIG. 5 to produce the coating composition of Example 10; and. was mtxed with the 
polyfunctionai maleimide shown in FIG. 4 to produce the coating composition of Example 11. The 
equivalent ratio of conjugated diene groups to maleimide groups was about 1 for each of the above 
Examples 

In each Example, the mixed coating composition was applied, cured to a dry thickness of about 60 
45 micrometers, and tested as described in Example 6. 

The pot life of each coating composition for Example 9-1 1 and the hardness and solvent res.stance for 

each cured coating is presented in Table 1. 



so Examples- 12-1 6 



55 



The Diene-functional Binder Component E was mixed with a particular polyfunctionai maleim.de curing 
agent in each Example as follows: Example 12, the curing agent shown in FIG.2; Example 13. the curing 
agent shown in FIG. 3; Example 14. the curing agent shown in FIG. 4: Example 15. the curing agent shown 
in FIG. 7; and Example 16. the curing agent shown in FIG. 6. The equivalent ratio of coniugated d.ene 
groups to'maleimide groups was about 1 for each of the above Examples. 

Each mixed coating composition was applied, cured to a dry thickness of about 60 micrometers, and 
tested as described in Example 6. 



7 



EP 0 357 110 A1 



The pot life of each coating composition and the hardness and solvent resistance of each of the cured 
coatings for Examples 12-16 is presented in Tab! 1 . 

Table 1 



Cross-linking 
Agent 


Pot life" 
hr 


Hardness (Persoz 
sec.) 


Solvent Resistance 
after 1 week 




after 1 
day 


after 1 
week 


petrol 


MEK 


8 


12 


46 * 


242 


5 


3 


8 


12 


29 


202 


5 


3 


8 


24 


20 


70 


5 


2 


7 


23 


46 


212 


5 


3 


5 


30 


62 


232 


5 


3 


4 


21 


200 


280 


5 


3 


2 


11 


160 


260 


5 


3 


3 


13 


120 


218 


4 


2 


4 


10 


184 


284 


5 


3 


7 


8 


64 


240 


5 


3 


6 


28 


122 


240 


4 


2 



Example 



Resin 
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7 
8 
9 
10 
11 
12 
13 
14 
15 
16 



A 
B 
C 
D 
D 
D 
E 
E 
E 
E 
E 



Doubling of initial viscosity 



Coating compositions according to the invention are excellently suited for use in coatings where curing 

duriiSy oftte coating to be obtained, the pot life of the mixture of the two components ,s of cons.derabie 

'^present invention two component coating system, which is water-based, includes a ^st component 
ntnHn ™ ou s disoersion emulsion or solution of a binder polymer funct.0nal.2ed w,th at least two 
compns ng ^^"^'^^^ exponent comprising an emulsion or solution of a polyfunction^ 
maSde SSSTE SiSfcSJS system Stains from about » to about 10% by weight 
orgaTc solvent ^e dry weight content of the coating composition ranges from about 30 % by we.ght to 

^££^co-*g. can also be cured at ambient temperature, e.g. from about o' C to about 

in the range of from about 3(f C to about 120 C can be used to reduce 

*° 'Z^oeVZr excellent performance properties, the preferred examples presented below are for 
(me^Trylate based binder polymers. However, one skilled in the art can prepare other emu.s,on. 
SrsTon or solution po.ymerized water-based binder po.ymers of the kinds prevously d.scussed. 

0 ~ r .^ n1 w^ flS Pd binder polymers functionalized with at least two conjugated diene groups 



Example 17 

Preparation of Diene-functJonal Binder Polymer F(A) and F(B) 

To oreoare binder polymer F(A). a mixture of 450 g of distilled water. 8 g of sodium lauryl sulfate. 9.5 g 
of tIL X 165 ^oxySed octy phenol available from Rohm and Haas Co.) and 2.1g of borax was p aced 
°n l one L reS7vesse. wNch'was fitted with an agitator and a pressure value The , reason vessel was 
puraed with nitrogen and heated using a thermostatic controlled water jacket to about 70 C. To th.s 
2 fB was added a polymerization initiator of 1.5 g of potassium peroxod.suifate d.ssolved in 20 g of 
. ™Z sZ^*£l«o^ g mixture of acrylic monomers was metered into the reactor over a time 
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period of about 4 hours: 265 g of butylacrylate. 150 g of methyl rnethacrylate. 75 g of furfurylmethacrylate 
(15% by weight of the mixture of monomers), and 10 g of methacrylamide. 

After completion of the addition of the monomers, the contents of the reactor were further reacted at 
about 70* C for a time period of about two hours. 

The reaction yield was a solids content of about 51% by weight of the reaction mixture. 

Binder polymer F(B) was prepared as described above except that 50 g. of furfurylmethacrylate (10% 
by weight) of the mixture of monomers was used. 



io Example 18 



Preparation of Diene-Functional Binder Polymer G 

A mixture of 470 g of distilled water. 8g of sodium lauryl sulfate. 9.5g of Triton X 165 ethoxylated octyl 
ohenol and 2 1 g of borax was placed in the reaction vessel described in Example 17. The reaction vesse 
was purged with nitrogen and heated to about 70* C. To this mixture was added a polymerization m.tiator of 

1.5 g of potassium peroxodisulfate as a dry powder. 

A first reaction monomer mixture was then added to the reaction vessel over a period of about 1 hour. 
The monomer mixture consisted essentially of 115 g methylmethacrylate, 2.5 g trimethylolpropane 
triacrylate. 2.5 g allylmethacrylate. 1 25 g butylacrylate. and 5 g methacrylic acid am.de. 

Subsequently, a second reaction monomer mixture was added to the reaction vessel over a period of 
about 3 hours. The monomer mixture consisted essentially of 95 g methylmethacrylate. 50 g furfury^ 
methacrylate (corresponding to 10% by weight of the total first and second monomer m.xtures). 100 g 
2s butvlacrvlate. and 5 g methacrylic acid amide. 

Upon completion of addition of the second monomer mixture the contents of the reactor were further 
reacted at about 70* C for a time period of about two hours. 

The reaction yield was a solids content of about 50% by weight of the reaction mixture. 
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Preparation of water-based polyfunction^ maleimide emulsions 
Example 19 

In each case, an aliquote amount of a 50% bismaleimide solution in Toluene was mixed with an equal 
amount of water containing 0.5% by weight of sodium lauryl sulfate. A high speed m.xer. applied for a 3 to 
5 minute period at room temperature, was used to accomplish mixing. The resulting 
le bismaleimide at a concentration of about 25% by weight Emulsions compnsmg N N b s ma e.m.deh 
LphorTne (F.G. 5). N.N'bis(1.12 maieimido H .9 dioxadodecane (FIG. 7) and N.N bis(maleimido)- 
polyoxypropylene (FIG.9) were prepared as described above. ^o^ntra 

In cases wherein the polyfunctiona. maleimide has less solubility in the organic solvent *e concsfrtfr 
tion of polyfunctiona. maieimide obtainab.e in the emulsion may be lower. Organic solvents which can be 
used to prepare the emulsion can be any which are immiscible in water, whic h adequ ^'V sofvate the 
polyfunctional maleimide and which are compatible with the diene-functional binder polymer d.spenaon. 
emSon or solution. Examp.es of organic solvents which can be used tyoicaUy mc.ude organ.c esters, 
higher ketones, and aromatics. 



so v^k^h rnatinns ni-eoared from the above-described diene-functional binder polymers and p^lyfunc- 
tional maleimide curing agents 
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Examples 20-21 

The aqueous dispersion of Diene-functional Binder Polymer F(B) was mixed with the Polyfunctional 
Maleimide Emulsion of N.Nbis(maleimido)polyoxy P ropylene (FIG. 9) at an equivalent rate of conjugated 
2T&oups to maleimide groups of about 1 in Example 20. in Example 21. the same aqueous d.spers.on 
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of Diene-functiona. Binder Polymer F(A) was mixed with the same Polyfunction* Maleimide Emulsion at an 

•^^^^ -ting composition was applied to a glass pane, using , a < 

a wet thickness of about 220 micrometers. The coating wa*cured at about 22 C over a Jhme penod of one 

week. The dried coating thickness ranged from about 60 micrometer to about 70 m.crometers. 

The pot life of each coating compositon was determined as previously described. 

Each coated panel was permitted to stand at room temperature for one week prior to testing for 
hardness (Konig sec) and solvent resistance. The petrol resistance was measured in the > same manner as 
T^cusW described An assitiona. solvent resistance test D-norm 53230 (the M.BK Rub Test) was 
Smed on each coated panel. In this latter test, a wad of cotton woo. soaked with methyHsobuty ketone 
Ken the coated panel. A weight of 500 grams is placed on the wad. and the wad ,s moved distance 
of 10 cm to and fro at a speed of 120 times per minute until the substrate is viable. 
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Examples 22-24 

The aqueous dispersion of Diene-functional Binder Polymer G was mixed with the Polyfunctions! 
Maleimide Emulsion of N.Nbis(1.12 maleimido)-4.9 dioxadodecane (FIG. 7) at an equivalent ratio of 
ctnfugated Sne groups to maleimide groups of about 1 in Example 22. The resulting coating was applied. 
3 and S Jed In the same manner as described in Examples 20 and 21. Test results for the coating 
comDosition and the cured coating are presented in Table 2. 

Tfaqueous dispersion of Diene-functiona. Binder Polymer G was mixed w,th the Pol^cftonrf 
Maleimide Emulsion of N.N'bis(ma.eirnido)isophorone (F1G.5) at an equivalent rate of courted d»ne 
OTOupTio maleimide groups of about 1 in Example 23. The resulting coating was applied, cured and tested 
fn tnTsa^e manner as described above. Test results for the coating composition and the cured coating are 

PreS C d aque T o^ e Aspersion of Diene-functiona. Binder Polymer G was mixed with the. Pf££^ 
Maleimide Emulsion of N.N'bis(maleimido)polyoxypropylene (FIG. 9) at an equivalent ratio of con ugated 
deroCupTto maleimide groups of about 1 in Example 24. The resulting coating was appl.ed cured and 
Sed rtSrsa^e manner as described above. Test results for the coating composition and the cured 
coating are presented in Table 2. 

Table 2 
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Example 


Resin 


Cross-linking 
Agent 


Pot Life 
Jir 


Hardness 
(Konig sec) 


Solvent Resistance 
after 1 week 














petrol 


MIBK rub 
test 




Type 


Content of 
FMA" 








20 
21 
22 
23 
24 


F(B) 

F(A) 

G 

G 

G 


10 
15 
10 
10 
10 


9 
9 
7 
5 
9 


> 48 

> 48 

> 48 

> 48 

> 48 


90 
120 
60 
85 
67 


4 
4-5 
4 
4 
4 


> 120 
-200 

> 120 
- 130 

> 120 
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' furfurylmethacrylate 



Many modifications and variations based on the preferred ^^^■P^^^ 8 ?^ 
can be made in the compositions and methods described herein without substantially departing from the 
except of the present invention. Accordingly it is intended that such modifications and variations are 
included within the scope of the present invention as defined in the claims which follow. 
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Claims 

1. A two component coating composition comprising a binder polymer and a curing agent characterized 
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in that said polymer binder comprises a polymer functionalized with at least two conjugated diene groups 
and said curing agent comprises a polyfunctional maleimide. 

2. A coating composition according to Claim 1 characterized in that said binder polymer and said curing 
agent are soluble in an organic solvent or in a combination of organic solvents. 

3. A coating composition according to Claim 1 characterized in that said binder polymer and said curing 
agent each comprises an aqueous dispersion, emulsion, or solution. 

4. A coating composition according to Claim 1 characterized in that said binder polymer or said curing 
agent or both include components which include both water and at least one organic solvent. 

5. A coating composition according to Claims 1-4 characterized in that said binder polymer is built up 
from reactants selected from the group consisting of furfuryl methacrylate, an adduct of sorbic acid to a 
polyfunctional glycidyl methacrylate copolymer or combinations thereof reacted in combination with at least 
one other monoethylenically unsaturated compound. 

6. A coating composition according to Claim 5 characterized in that said at least one other mon- 
oethylenically unsaturated compound comprises a (meth)acrylate monomer. 

7. A coating composition according to Claims 1-4 characterized in that said curing agent is a 
bismaieimide. 

8. A coating composition according to Claim 5 characterized in that said curing agent comprises a 
bismaieimide. 

9. A method of preparing a coated substrate characterized in that the method comprises the steps of: 

(a) providing a first coating component comprising a polymer functionalized with at least two 
conjugated diene groups; 

(b) providing a second component comprising a polyfunctional maleimide; 
(cj mixing said first component with said second component; 

(d) applying said mixture of said first and second components to a substrate; and 

(e) curing said applied mixture over a temperature range from about 0* C to about 120 C. 

10. The method according to Claim 9, characterized in that said curing step (e) is carried out over a 
temperature range from about 0* C to about 30 C. 

11. The method according to Claim 9. characterized in that the ratio of the number of equivalents of the 
conjugated diene groups of said first component to the number of equivalents of maleimide groups of said 
second component ranges from about 0,3 to about 2,0. 

12. The method according to Claims 9-11, characterized in that said first coating component is built up 
from reactants selected from the group consisting of furfuryl methacrylate, an adduct of sorbic acid to a 
polyfunctional glycidyl methacrylate copolymer or combinations thereof reacted in combination with at least 
one other monoethylenically unsaturated compound. 

13. The method according to Claim 12, characterized in that said at least one other monoethylenicaily 
unsaturated compound comprises a (meth)acrylate monomer. 

14. A method according to Claims 9-11. characterized in that said second coating component 
comprises a bismaieimide. 
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